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Introduction	  The	   chorus	   effect	   is	   created	   when	   several	  copies	   of	   the	   input	   signal	   are	   delayed	   in	   the	  range	   10	   to	   25	   milliseconds	   (ms)	   with	   small	  and	  random	  variations	  in	  the	  delay	  times.	  	  The	  chorus	   effect	   is	   essentially	   the	   addition	   of	   the	  vibrato	  effect	  with	  the	  direct	  signal.	  	  The	  chorus	  effect	   can	   be	   used	   as	   a	   simulation	   of	   several	  musicians	  playing	  the	  same	  tones,	  but	  affected	  by	   slight	   time	   and	   pitch	   variations	   (Zolzer	  2011).	  	  	  	  Delays	   are	   a	   very	   common	   effect	   in	   audio	  production.	   	  Delay-­‐based	  audio	  effects	   such	  as	  chorus	   can	   create	   a	  wider,	  more	   ‘lively’	   sound	  that	  is	  often	  desired	  in	  musical	  recordings.	  	  For	  example,	   if	   the	   direct	   signal	   and	   the	   delayed	  signal	   are	   panned	   differently	   in	   a	   stereo	   mix,	  short	   delays	   can	   help	   make	   a	   ‘bigger’	   sound	  (Reiss	  and	  McPherson,	  2014).	  	  
Problem	  Description	  On	   the	   market	   today	  many	   chorus	   effects	   are	  used	   to	   create	   wild	   and	   unnatural	   sounding	  effects	  that	  can	  complement	  the	  music	  they	  are	  used	  in.	  	  This	  product	  was	  designed	  to	  create	  a	  natural	   sounding	   stereo	   room	   chorus	   effect	  from	   a	   single	   instrument/voice	   input.	   This	  product	   will	   give	   the	   impression	   of	   a	  modulated	   chorusing	   sound	   as	   the	   listener	  moves	   randomly	   through	   and	   around	   a	   room,	  hearing	   the	   direct	   signal	   in	   combination	   with	  reflections	   from	   four	   walls,	   each	   with	   slight	  time	  and	  pitch	  variations.	  
Specifications	  The	  room	  chorus	  effect	  characterised	  by	  a	  number	  of	  variables	  that	  can	  control	  the	  frequency	  of	  modulation,	  the	  extent	  of	  randomness	  in	  the	  modulation,	  modulation	  width,	  saturation	  of	  the	  effect	  and	  gain.	  	  These	  parameters	  are	  specified	  through	  the	  following	  code:	  	  	  
(example	  parameters	  are	  included)	  	  
width = 0.001; % assign a modulation 
width in seconds. For the chorus 
effect recommended (0.001 - 0.0025) 
 
peak_mod_freq = 4; % peak_mod_freq 
controls the wavelength of the 
mod_sig. For a natural sounding 
chorus recommended (1 - 4) 	  
q=10; % q is the level of 
randomness, range(1 - 50) where 1 is 
most random and 50 is more 
sinusoidal 
 
p_sat = 0.9; % assign a percentage 
saturation of the effect  
(0.01 - 1.0) note: 0.0 p_sat would 
produce zero effect on the output 
signal. 	  
gain = 0.7; % assign a gain for 
output signal, recommended (0.01 - 
1.0) note: 0.0 gain would produce 
zero amplitude in the output. 	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Modulation	  The	   modulation	   signal	   for	   the	   room	   chorus	  effect	  was	   created	  with	   a	  number	  of	   functions	  developed	   by	   Assoc.	   Professor	   William	  Martens.	   	   These	   functions	   were	   used	   in	  combination	   to	   generate	   a	   sub-­‐audio	   signal	  with	   a	   random	   modulation	   (figure	   1).	   	   This	  signal	  was	   then	   inverted	   to	  create	  an	  opposite	  modulation	   to	   be	   heard	   simultaneously	   as	   the	  listener	   ‘moves	   randomly	   through	   the	   room’	  (figure	  2).	  
	  
Figure	  1	  –	  Random	  sub-­‐audio	  signal	  created	  for	  
modulation	  (generated	  with	  peak_mod_freq	  -­‐	  4	  and	  q	  -­‐10)	  
	  
Figure	  2	  –	  Sub-­‐audio	  modulation	  signal	  inverted	  
(generated	  with	  peak_mod_freq	  -­‐	  4	  and	  q	  -­‐10)	  
Implementation:	  
	  
FIR	  Comb	  Filter	  The	   room	   chorus	   function	   was	   developed	  based	   on	   the	   vibrato	   algorithm	   found	   in	   the	  DAFx	   text	   (Zolzer	   2011).	   	   The	   signal	   was	  modulated	  with	   a	   random	   sub-­‐audio	   signal	   to	  produce	  variance	  in	  pitch	  over	  time.	  	  
The	   room	   chorus	   effect	   is	   distinguished	   from	  vibrato	   by	   the	   addition	   of	   the	   direct	   signal	   to	  the	   delayed	   version	   and	  modulating	   the	   effect	  from	   the	   left	   to	   right	   channel.	   	   The	   resulting	  signal	   causes	   the	   cancellation	   of	   certain	  frequencies	  and	  produces	  the	  comb	  filter	  effect	  (Zolzer,	  2011).	  	  Producing	  slight	  variations	  of	  the	  vibrato	  effect	  and	  adding	  them	  together	  with	  the	  input	  signal	  created	   a	   comb	   filter	   and	   therefore	   the	   room	  chorus	   effect.	   	   This	   process	   is	   outlined	   below	  (figure	  3).	  	  Reflections	  from	  walls	  1	  and	  3	  were	  modulated	  and	  added	  with	  the	  input	  signal	  and	  sent	  to	  the	  left	  channel.	  	  Reflections	  from	  walls	  2	   and	   4	   were	   modulated	   with	   the	   inverted	  modulation	   signal,	   then	   added	   to	   the	   input	  signal	  and	  sent	  to	  the	  right	  channel.	  	  The	  result	  of	   this	   separation	   is	   a	   stereo	   effect	   that	  modulates	  from	  left	  to	  right.	  	  
	  	  
Figure	  3	  –	  FIR	  comb	  filter	  in	  Room	  Chorus	  Function	  
Where:	  x(n)	  is	  the	  input	  signal,	  y(n)	  is	  the	  output	  
signal,	   ‘%’	   is	   the	   percentage	   saturation	   applied	  
to	   the	   delayed	   effect,	   ‘+’	   is	   the	   sum	   of	   direct	  
signal	   and	   delayed	   signals,	   and	   ‘g’	   is	   the	   gain	  
applied	  to	  the	  output	  signal.	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Interpolation	  An	   interpolation	   algorithm	   is	   required	   to	  process	   the	   output	   sample.	   	   3rd	   order	   spline	  interpolation	   was	   chosen	   for	   the	   highest	  quality	   output.	   	   It	   was	   implemented	   with	   the	  following	  equation	  sourced	  from	  Zolzer	  (2011).	  	  𝑦 𝑛 =   𝑥 𝑛 − 𝑀 + 1 . 𝑓𝑟𝑎𝑐!6 	  	                        +    𝑥 𝑛 −𝑀 . (1 + 𝑓𝑟𝑎𝑐)! − 4. 𝑓𝑟𝑎𝑐!6 	  	                        +    𝑥 𝑛 − [𝑀 − 1] . (2 − 𝑓𝑟𝑎𝑐)! − 4. (1 − 𝑓𝑟𝑎𝑐)!6 	  	                        +    𝑥 𝑛 − [𝑀 − 2] . (1 − 𝑓𝑟𝑎𝑐)!6 	  
	  
Default	  Parameters	  The	  following	  default	  parameters	  are	  set	  up	  within	  the	  function:	  
• Sampling	  frequency	  (fs)	  =	  44100	  Hz	  
• Output	  gain	  =	  0.5	  
• Percentage	  saturation	  (p_sat)	  =	  0.5	  (50	  %)	  
• Width	  of	  modulation	  =	  0.001	  seconds	  
Evaluation	  and	  Discussion	  The	   matlab	   function	   ‘Room_Chorus.m’	   is	   a	  modulated	   delay	   effect	   that	   produces	   a	   stereo	  chorus	   effect.	   	   The	   concept	   of	   its	   design	   is	   to	  produce	   an	   exaggerated	   chorus	   effect	   that	  would	  naturally	  occur	  while	  randomly	  walking	  through	   a	   room	   listening	   to	   a	   single	  instrument/voice.	  	  The	  listener	  would	  hear	  the	  direct	   signal,	   along	   with	   reflections	   from	   four	  walls,	   each	   with	   slight	   time	   and	   pitch	  variations.	   The	   parameters	   included	   are	  designed	   to	   give	   the	   user	   creative	   control	   in	  producing	  their	  desired	  effect,	  allowing	  certain	  aspects	   of	   the	   effect	   to	   be	   emphasized	   to	   suit	  the	  intended	  use.	  	  The	   ‘Room_Chorus.m’	   function	   has	   utilised	   a	  sub-­‐audio	  wave	  with	   a	   random	  modulation	   to	  produce	   a	   variance	   in	   pitch	   over	   time.	   	   It	   is	  noted	  that	  in	  some	  cases	  a	  random	  modulation	  is	  preferred	  over	  a	  sinusoidal	  modulation.	  	  This	  will	   result	   in	   a	   chorus	   effect	   with	   a	   more	  
natural	   sounding	   variation	   (Taylor	   2012,	  Fernández-­‐Cid	  &	  Casajús-­‐Quirós	  1998).	  	  As	  the	  output	  of	  the	  room	  chorus	  is	  stereo,	  the	  random	   modulation	   has	   been	   produced	   to	  utilise	  these	  two	  channels.	  	  The	  modulation	  not	  only	  modulates	  the	  pitch	  of	  the	  audio	  signal,	   it	  modulates	  to	  the	  left	  and	  right	  channels.	  	  This	  is	  creates	   the	   spatial	   effect	   that	   a	   listener	  would	  experience	  in	  a	  room.	  	  Through	   initial	   trial	   of	   various	   input	  parameters,	  the	  following	  ranges	  were	  found	  to	  produce	   the	   most	   natural	   sounding	   room	  chorus	  effects:	  	  
Table	   1	   –	   Useful	   ranges	   of	   input	   parameters	   for	   natural	  
sounding	  chorus	  
Input	  Parameter	   Useful	  Range	  width	   0.001	  –	  0.0025	  peak_mod_freq	   1	  -­‐	  4	  q	   1	  –	  50	  p_sat	   0.01	  –	  1.0	  gain	   0.01	  –	  1.0	  	  It	   should	   be	   noted	   that	   applying	   ‘p_sat’	   of	   0.0	  would	   result	   in	   zero	   effect	   being	   added	   to	   the	  output	   signal.	   	   Similarly,	   if	   a	   ‘gain’	   of	  0.0	  were	  applied,	   the	   output	   signal	   would	   have	   zero	  amplitude.	  	  It	  is	  understood	  that	  in	  some	  cases,	  the	  desired	  effect	   may	   not	   be	   to	   have	   a	   natural	   sounding	  chorus	  effect	  and	  therefore	  these	  values	  are	  not	  fixed.	   	   The	   user	   has	   the	   freedom	   to	   explore	  wider	  ranges	  of	  input	  parameters.	  
Human	  User	  Performance	  
Assessment	  It	  would	  be	  beneficial	  to	  put	  the	  ‘Room	  Chorus’	  function	   through	   a	   human	   user-­‐testing	  program	  before	   final	  release.	   	  This	  assessment	  would	   give	   the	   function	   a	   chance	   to	   be	   tested	  using	  various	  signals	  by	  a	  broad	  range	  of	  users	  to	   find	   its	   full	   potential.	   	   This	   kind	   of	   user	  performance	   assessment	   would	   assist	   in	  narrowing	   down	   the	   appropriate	   input	  parameters	  that	  are	  desired	  by	  potential	  users.	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